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Abstract—A survey has revealed a relationship between the temperature factor and the biomechanical param-
eters (the modulus of elasticity) for wood tissues in the silver birch tree (Betula pendula Roth). At thawing
temperatures, the elastic modulus decreases, on average, 2–2.5 times. A decrease of this kind is uneven, grad-
ual. The rate of elastic-modulus change relative to the rate of woody-plant specimen/trunk thawing has the
greatest effect on the mechanical stability of a tree. During thawing, the mechanical stability parameters tend
to fall by 45%, on average. These changes affect the angles of divergence from the vertical axis of the trunk
portions, the angles of its skeletal branch attachment, bending strength, and tree resistance to wind and grav-
ity loads. Under a low anthropogenic impact, the bending stiffness value for plants at the age of 40–45 years
is 22 ± 2% higher than that under the higher anthropogenic load in a city. Under the impact of anthropogenic
load affected by the impact of wind loads, temperatures, and the other factors affecting weather, the transfor-
mation of architectonics of the silver birch crown occurs, which can cause irreversible deformations or trunk
breakage under a blizzard and freezing rain. Therefore, 63 trees were uprooted and 168 woody plants under-
went irreversible deformation, causing a high failure rate on the experimental plots in Donetsk from 2014 to
2020. Splits were recorded in plants at heights of 2–4 m (35%), 5–6 m (17%), 7–8 m (52%), and 9 m (6%).
Correlation analysis revealed a strong positive relationship between the L : D morphometric coefficient
(trunk length-to-diameter ratio) and the mechanical stability (R = 0.87), along with the failure rate (R = 0.79)
of silver birch trees. In this regard, it seems possible to use the L : D coefficient as a morphometric marker for
mechanical stability in silver birch trees in the south of the East European Plain (Donetsk Hill Ridge).
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INTRODUCTION

The ecosystem-based adaptation of woody plants
to the impact of natural climate factors in urban envi-
ronments is one of the most important challenges of
functional ecology (Fournier et al., 2013; Dahle et al.,
2017). The surveys are actively performed to assess the
mechanical stability and the failure rates in trees under
the effects of air temperatures (Green et al., 1999;
Szmutku et al., 2011; Kornienko and Netsvetov, 2013;
Kornienko et al., 2018), wind loads (James et al., 2006;
Dahle and Grabosky, 2010; James et al., 2014; Dahle
et al., 2017; Jelonek et al., 2019), and snow and ice
storms (Nock et al., 2016). Many authors indicate the
importance of studying the effects of snow and ice
storms and wind loads on the ecosystem structure and
function (Fahey et al., 2020; Klein et al., 2020) to
assess the intensity and frequency of disturbances
caused by natural climate factors, such as those indi-
cated above (Curtis and Gough, 2018).

The wood moisture content affects the mechani-
cal stability of woody plants, their modulus of elastic-
ity, and the wood density (Green et al., 1999;
Szmutku et al., 2011; Kornienko and Netsvetov,
2013). Most research papers concern surveys per-
formed with samples of wood of a 12% moister content
(industrial wood) (Zelinka et al., 2007; Wood hand-
book…, 1999, 2010; Virot et al., 2016). Only certain
papers indicated the analyzed specimens with a mois-
ture content of 145% (Mishiru, Asano, 1984a, b;
Green et al., 1999, Shmytku et al., 2012; Spatz, Pfis-
terer, 2013; Nocetti et al., 2015), which corresponds to
the special storage and operating conditions for woody
materials. The green timber moisture content varies
within 25(30)–225%, depending on the species
(Niklas and Spatz, 2010). Seasonal dynamics of envi-
ronmental factors and plant physiological parameters
(transition from dormancy through vegetative stages)
have effects on the moisture content in plant tissues.
The range of wood moister-content variation is related
806
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to the rate of moisture desorption/sorption, which
tends to reduce along with increases in the density of
tissues and their contents of extractives (Sell, 1989). In
addition, the parameters determining the response
stability of a whole tree or its parts to the climate fac-
tors are associated with the wood moisture content.
Therefore, it is incorrect to use the values produced for
industrial wood in estimating living tree stability
(Razdorsky 1955; Burgert et al., 2001). Some research
papers (Virot et al., 2016) providing data on dry
(industrial) wood for modeling the tree-stand behav-
ior in relation to the impact of natural climate factors
have to deal with critiques of science (Albrecht et al.,
2016). Therefore, they are reduced to an idealized
model which cannot be used to forecast tree planting.

It may be added that most of the research papers
mentioned above are focused on surveys for studying
the forests (natural tree stands). In addition, research
on the mechanical stability of tree stands in urban
environments (urban plantations) is scanty. Thus,
M.V. Netsvetov et al. (Netsvetov et al., 2009; Korn-
ienko et al., 2009; Netsvetov and Suslova, 2009) stud-
ied the mechanical response stability of woody plants
in southeastern Ukraine to the vibration and acoustic
impact of technogenic loads. These investigations are
fundamental and legitimate for vibration ecology
issues. However, the physicomechanical properties of
tree tissues taken from the collection of the Donetsk
Botanical Garden were studied only within the arbo-
retum (a zone of low anthropogenic load). The values
for the wood biomechanical parameters, including
mechanical stability, may be different under the impact
of anthopogenic factors (Dahle et al., 2017). Therefore,
studying the physicomechanical properties of woody
plant tissues in urban environments to test their
mechanical stability and failure rates under the total
impact of anthopogenic factors seems most important.

The objective of this survey is to assess the impact
of natural climate factors and anthropogenic loads on
silver birch trees in the south of the East European
Plain (Donetsk Hill Ridge) with the Donetsk urban
tree stands based on the generalized results taken from
studies in 2014–2020.

The survey tasks involved (1) studying the tempera-
ture impact on silver birch woody-tissue elastic mod-
ulus in vitro (laboratory analyses), (2) assessing
mechanical stability in silver birch in technogenic
environments and the risks under temperature varia-
tions, (3) analyzing the natural-climate factor impacts
on silver birch allometry in Donetsk urban planta-
tions, and (4) evaluating the natural-climate factor
impact on silver birch failure rates.

EXPERIMENTAL

The silver birch (Betula pendula Roth) was chosen
as the object of the survey. According to open data, it
is a species of high adaptive potential subjected to
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 15 
industrial pollution (Neverova et al., 2013); i.e., the
species adaptive responses to extreme environments
are complex. The silver birch values for membrane
permeability as an integral parameter for plant-tissue
functional status are low under the anthropogenic
impact in urban environments. This can indicate both
a high tolerance to air pollution and better functions of
regulation and homeostasis systems when compared
with other analyzed species in urban environments
(Sarbaeva et al., 2023). With respect to the level of tol-
erance to high temperatures, hot dry winds, and the
water-holding capacity, the species is considered
medium resistant (Mikheeva et al., 2011).

The proportion of species in the urban plant spe-
cies composition in the central part of modern
Donetsk makes up approximately 5% (Suslova et al.,
2012, Glukhov et al., 2016), while it comprises
approximately 2% of all woody plants across the whole
city (Polyakov, 2009). A tree age of 50 is considered
critical in urban environments (Kornienko and
Kalaev, 2018). This plant species is fast growing, frost-
and drought-resistant, and undemanding in terms of
soils. It is used in solitary, group, and alley plantations
in the environments of the city of Donetsk. Silver birch
is used in the first and second rows along the highways.

Further profound surveys are required, taking into
consideration that there is not much research of this
kind. This especially concerns issues urgent for basic
and applied science related to the impact of the natu-
ral-climate factor on mechanical stability, structural
and functional organization, and the adaptation of sil-
ver birch in transformed environments (the Donetsk
Hill Ridge on the southern East European Plain).

Three land sites (plots 1–4) were chosen to per-
form the surveys. The length and width of the silver
birch tree stand on plot 1 comprise approximately 385
and 50 m, respectively (the intersection of Leninskii
prospekt and Odesskaya ulitsa). The trees were
planted in 7 rows of 112 ± 3 birch trees each 2–3 m
apart. The tree age is approximately 45 years. With
respect to plot no. 2 (Kovanye Figury Park, the inter-
section of main streets such as ul. Artyoma and
ul. Universitetskaya and pr. Vatutina and pr. Mira),
the trees were planted as solitary trees grown along the
footpaths. The age is 7–20 years. On plot 3 (pr. Ily-
icha), the trees grow in linear plantations along road-
sides. The age is 40–50 years. Plot 4 (Donetsk Botan-
ical Garden, Arboretum) represents the southern
woodland. The trees are planted along the avenue
Makeevskoe shosse. The tree age is 40–50 years. The
plants grow as solitary trees, in clumps or small groups
of trees (3–5 units).

The intensity of road traffic as an anthropogenic
load in the area was estimated for testing plots. It was
revealed that, on plots 1–3, passenger cars (on aver-
age, 800–1000 units per h–1), predominantly foreign-
made vehicles, were the prevalent modes of transport.
 No. 7  2022
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Table 1. Parameter values for the anthropogenic load of auto transport and vibration-acoustic impacts

* Natural sounds in plant stands.  
Figs. 1–4 shows  denoting the average value ± standard deviation.

Plot number
Movement 

intensity, units per 
h–1 

Vibration and acoustic noise, dBA

near the road (curb) 1st tree line edge of the tree stand

MAX MAX MAX

1 1060 ± 54 78 ± 5 92 74 ± 2 80 69 ± 1 73
2 1681 ± 211 79 ± 4 110 76 ± 2 85 62 ± 5 68
3 1334 ± 30 79 ± 1 86 73 ± 1 79 68 ± 1 73
4 – 45 ± 5*

± xx s ± xx s ± xx s ± xx s

± xx s

Table 2. Values for toxic soil and air substances in the land area in which the surveys were conducted

* Mobile form.
**  Maximum single concentration.
See Table 1 notes underneath for symbols. A dash indicates unidentified.

Plot number
Soil pollution, Air pollution, 

Zn, mg kg–1 Cu, mg kg–1 Cr, mg kg–1 CO, mg m–3 H2S, mg m–3 NH3, mg m–3

1 33.0 ± 4.4 42.5 ± 7.4 1.0 ± 0.1 4.5 ± 0.5 – –
2 <0.01 202.3 ± 217.6 1.2 ± 0.5 4.3 ± 0.5 0.025 ± 0.005 0.11 ± 0.1
3 33.0 ± 3 42.5 ± 4.4 1.0 ± 0.1 4.3 ± 0.5 0.025 ± 0.005 0.11 ± 0.1
4 – 0.005 ± 0.001 0.2 ± 0.1 3.5 ± 0.5 0.006 ± 0.001 –

MPC 23* 3* 6* 5** 0.008** 0.2**

± xx s ± xx s
Noise levels were exceeded at plots with high values for
road traffic intensity (Table 1).

Intense traffic changes the soil composition and air
quality. Therefore, the risk of a toxic impact on plants
is increased because of air and soil pollution. Table 2
shows the concentrations of air and soil toxic pollut-
ants along the highways at the testing plots.

Studies related to air pollution revealed that concen-
trations of most testing substances were within the max-
imum permissible concentration (MPC). With respect
to plots 2 and 3, excess concentrations of hydrogen sul-
fide were recorded. In addition, concentrations of car-
bon monoxide were at the upper limit of the MPC.
Emissions of ammonia were revealed (Table 2).

The highest copper concentration was recorded in
soils in the zones confined to ul. Artyoma (the city’s
central street). In addition, copper concentrations
exceeding MPC (14-fold) were recorded on plots 1
and 3. Within the same zones (plots 1 and 3), there
were excess concentrations of zinc. In the zone of
Donetsk Botanical Garden arboretum, all of the ana-
lyzed values for anthropogenic loads were lower than
the MPC values. Therefore, plot 4 is considered a zone
of minimum anthropogenic load.

The relationship between the temperature and the
elastic modulus were studied with the woody plant
shoots sampled on the testing plots. The age of the
CONTEMPORAR
sampled shoots was 3–5 years. They were cut from the
lower part of crowns unshaded during daylight hours
at negative temperatures in the dormant period. A
thermocaple sensor (TZ-A/BL aluminium model)
was put into the samples at the side of cutting at a
depth of 1.5 cm to control the temperature of the sam-
ples. The cuts were covered by hermetic materials.

The woody tissue modulus of elasticity was deter-
mined by the bending angle of a cut branch cylinder
horizontally pinched with clamping device as a
response to the application of force on its free end (the
methods are described in detail in the papers of Korn-
ienko and Netsvetov (2014) and Kornienko et al.
(2018)). The modulus of elasticity (MOE) at a tem-
perature of 15°С (the air temperature in the labora-
tory) was different. Therefore, the values reduced by
the value of MOE at T = 15°С were used to compare
its temperature dependence. Sampling and studying of
the temperature effects on the wood modulus of elas-
ticity (MOE) were performed in February to early
March each year (2014–2020).

In order to assess the strength and mechanical sta-
bility of silver birch in urban environments, the
parameters described below were used. Symbols Pcr
and mcr denote the maximum permissible load and the
mass inducing deformation and failure, Hcr denotes a
critical trunk height causing irreversible deformation
Y PROBLEMS OF ECOLOGY  Vol. 15  No. 7  2022
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Fig. 1. Angles of divergence from the vertical axis of trunk portions in silver birch trees on experimental plot 1 (a generalised
scheme). (A) 10.43°, (B) 55.85°, and (C) 113.17°.
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B
C

113.17 deg113.17 deg113.17 deg
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10.43 deg10.43 deg10.43 deg
or failure under the trunk weight, RRB is the relative
resistance to bending, and EI is the bending strength
(methods are described in detail in the paper of Korn-
ienko and Kalaev (2018)).

The results of visual observations of silver birch
trees were shot with a Nikon Coolpix S2600 camera.
Images were processed and analyzed using AxioVision
Rel. 4.8 software. More than 1500 electron images
were processed to study the architectonics of the
crown and angles of divergence from the vertical axis
of the trunk and skeletal branch portions. The angles
were measured with the Measure→Angle functions of
the AxioVision Rel. 4.8 software with an accuracy of 1°.
The mean parameter value could not demonstrate the
complete pattern of woody plant behavior at bending.
Therefore, three sites (А, В, and C) separating the
plant trunk by bending lines were allocated, indicating
the location of growing tree (Fig. 1).

The allometric analyses of the silver birch trunk
under the anthropogenic impact were performed on
experimental plot 1 in 2016–2017 and 2019–2020.
These terms are associated with the weather conditions
to produce the data on the architectonics of the crown
and the failure rate in silver birch trees. The natural cli-
mate conditions described below were recorded in the
experiential zone over the indicated years. Thus, the
temperature tended to drop to –20°C after long-term
warming in the winter season; heavy precipitation
(slushy wet snow and snowfall), snowstorms (wind gusts
at speeds of 15–20 m/s–1), wet snow sticking, and ice
crust covering shoots and trunks were observed.
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 15 
The tree trunk diameter and height were measured
with a tree calliper and the HEC Haglof electronic
altimeter (Sweden), respectively. The vital capacity of
the analyzed trees was determined with an 8-point
grading scale developed by Savelieva (Savelieva, 1975),
where 8 grade points correspond to the good health
condition, when no dry branch or trunk damage are
observed, while the 0 grade point indicates a dried-out
tree. The tree ages were determined by Chistyakova
(Chistyakova et al., 1989). This method uses symbols
for age classes: I, 5–15 years; II, 16–25 years; III, 26–
55 years; and IV, 56–75 years. The failure rate for each
tree was determined according to the methods pro-
vided in the research paper (Kornienko and Prik-
hodko, 2018). In order to asses the tree stands, meth-
ods including visual, retrospective, and instrumental
((a) core incremental sampling to determine the pro-
portion of rot in wood, %; (b) biomechanical testing
with the Pullingtest) approaches were used. The
woody tissue density (volumetric weight) was esti-
mated with the immersion and weighing method.

Statistica 8 (StatSoft Inc.) and Excel 2010 (Micro-
soft Corporation) were used for data processing. The
regressions were revealed to verify the accuracy of
approximations (R2) upon plotting. The reliability of
measurements in differences between the average val-
ues for the L : D coefficient and the tree condition
(norm, deform, and crushed) were estimated using Stu-
dent’s t-test. The Pearson correlation coefficient (r),
considered different from zero at p < 0.05, was used to
 No. 7  2022
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Fig. 2. Temperature effects on relative values for the modulus of elasticity in silver birch woody tissues.
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RESULTS AND DISCUSSION

Silver birch bichemical surveys. The woody tissue

density in Donetsk environments is 980 ± 7 kg m–3 rel-
ative to the location of growing.

The modulus of elasticity under the urban anthro-
pogenic load (experimental plots 1–3) is 5.03 ±

0.77 GL m–2, while it is 4.30 ± 0.46 GL m–2 in the
Donetsk Botanical Garden (plot 4, arboretum). Dif-
ferences between variables for the biochemical param-
eters are significant at p < 0.05.

Temperature effects on silver birch woody-tissue
MOE in vitro (laboratory surveys). The MOE depen-
dence on temperature in a generated pattern for all
specimens tends to a nonlinear drop if there is a tem-
perature increase from 225 to 317 K (Fig. 2).

At thawing temperatures, the wood modulus of
elasticity in all of the specimens tends to change
unevenly, in stages. The number of breaks of the MOE
curve (T) varies from 1 to 3, while the temperatures at
the angle change as a result of bending MOE (T) are in
the range of 2°–4°. The greatest curve steepness indi-
cated at a plot is for the value in the range of –16 to 0°C.
The experimental data coincide with the datasets pro-
duced in the surveys of Japanese researchers A. Mishiro
and I. Asano (1984а, 1984b). It should be noted that
the variables for the points of bending might vary rela-
tive to the plant species properties (for instance, ana-
tomic and biochemical characteristics (Kornienko and
Netsvetov, 2014)). With respect to the experiments
observed hereby, the specimen temperature and its
rate of rise varied over time. The curve steepness of the
elastic modulus dependence on the temperature tends
to come down along with dropping the rate of a speci-
men temperature rise. Species differences in this pro-
CONTEMPORAR
cess are not well studied, while they may be revealed,
for instance, with the assimilate location in tree resin,
which can affect the ice formation in tree vessels.

Upon an uneven thawing temperature (nonlinear
dependence, Figs. 3a, 3b), the modulus of elasticity
tends to decline at its record rate at the moment, when
free water and ice clusters are present, which, in turn,
affects the mechanical stability and failure rates of the
whole plant. With local heating, the integrity identity of
morphological structures is disturbed, when the tree
trunk tends to transit from a uniform structure into
structural heterogeneity (though phase water transfers
in vessels) with a loss of stability. In situ, such effects can
be observed upon a shifting of the seasons and nontyp-
ical climate conditions during, for instance, winter.

Temperature effects on the mechanical stability of
woody plants growing under the anthropogenic impact.
The EI parameter reflects the woody plant strength to
bending, potentially causing the irreversible deforma-
tion of a trunk/skeletal branch under the impact of
loads of different types. Bending occurs along with
bending moments at the trunk/skeletal-branch cross
section.

With respect to the silver birch tree, the ratio of EI

to L : D follows a power law (R2 = 0.83). At thawing
temperatures, the EI parameter decreases by approxi-
mately 45%, which can cause the loss of mechanical
stability and trunk irreversible deformation (Fig. 4a)
under the impact generated with natural-climate factors

The ratio of RRB to L : D follows a linear depen-

dence (R2 = 0.87), while the Pcr-to-L:D ratio follows a

power law (R2 = 0.97). The parameters are closely
related to the value for the woody plant modulus of
elasticity, depending on the ratio of trunk diameter to
its height. The young plants (under 5–7 years old) are
most at risk, since they grow suppressed under the
effect of a dense tree stand, competing for light as
Y PROBLEMS OF ECOLOGY  Vol. 15  No. 7  2022
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Fig. 3. Effects of the rate of change in temperature on the rate of change in modulus of elasticity in wood over time.
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mature plants (with thin and high trunks, L : D < 0.01,
Fig. 4b).

The maximum permissible load means there is a
precise critical mass causing irreversible changes/trunk
breakage (Fig. 4c). The L : D ratio may be used as a
morphometric marker for woody plant stability, fol-
lowing the dependence in Fig. 3c. At a L : D ratio in
the range of 0.004 to 0.01, the critical mass varies from
11  to 815 kg. In addition, the trunk is in frozen status.
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 15 
Relative to the temperature variance (Figs. 2, 3), the
tree mechanical stability decreases by approximately
45% and Pcr values are in the range of 6.2 to 458.9 kg.
These values can be easily reached in urban environ-
ments under the effects of environmental temperature
changes and wind and gravity loads.

The temperature dependences of MOE and
mechanical stability parameters, obtained within the
 No. 7  2022
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Table 3. Influence of the place of growth of a tree stand on the angle of divergence from the vertical axis of the silver birch
trunk (2017)

See notes to Table 1 for symbols. A dash indicates unidentified.

Place of growth Number, 
units

Angle of divergence from the vertical axis of the trunk, °

percentage of total 
number, % MAX Percentage of total 

number, %

Tree stand edge extending from 
the side of a dwelling house

91 16 ± 5 60 43 40

Tree stand edge extending 
from a highway

220 15 ± 6 40 26 60

Tree stand center 352 4 ± 2 90 12 ± 3 10

± xx s

Table 4. Influence of the place of growth in the tree stand on the angle of divergence from the vertical axis of the silver birch
trunk (2020)

See notes to Table 1 for symbols. A dash indicates unidentified.

Place of growth
Angle of divergence from the vertical axis, ° 

section А section B section C

Tree stand edge extending from the side of a dwell-
ing house

18 ± 3 57 ± 7 118 ± 12

Tree stand edge extending from a highway 14 ± 3 49 ± 8 96 ± 21
Tree stand center 7 ± 5 36 ± 26 80 ± 44

± xx s
survey, can explain the effects of silver birch trunk
deformation and breakage in the winter season.

Surveys of crown architectonics in silver birch trees
growing in Donetsk anthropogenic impact environments
in 2017–2020. In the environments of low anthropo-
genic impact in the arboretum of the Donetsk Botan-
ical Garden, silver birch trees show great vital capacity
scored highly (5–7 points for a status rated as good by
Savelieva). They were not damaged or bent irreversibly
during windfalls (2017–2020), blizzards, or ice storms
in 2017 and 2020. This can be explained by the logEI
dependence on the age (Fig. 4d). Under the relative con-
trol, the bending stiffness value is 22 ± 2% higher than
that under the urban anthropogenic load (p < 0.05). In
addition, the angles of divergence from the vertical
axis are no more than 5°, while L : D > 0.02.

The surveys of urban silver birch tree plantations
under high anthropogenic impact on plot 1 in 2017
revealed that angles of divergence from the vertical axis
of trunk portions (their highest values) at the side of a
dwelling house were twofold higher than that for birch
trees growing on the side of a highway. Practically
smooth trunks with small angles of inclination at 2°–6°
to the vertical axes could be observed in the middle of
the tree stand (Table 3).

The surveys in 2020 revealed that the angle of incli-
nation of plant trunks changed and transformed
(Table 4). The parameter average value did not con-
form to the woody plant behavior at bending yet to
describe it adequately. Therefore, three sections sepa-
CONTEMPORAR
rating the plant trunk along the lines of bending were
allocated. Sections A, B, and C were determined from
the trunk base until first line bending (~3 m), in the
middle of the trunk, and along the line bending toward
the crown top, respectively.

The maximum bending moments in trunks were
observed at the edge of a tree stand. The position of a
tree did not tend to change with load removal. There-
fore, irreversible deformation may be assumed. Over-
all, 168 plants were subjected to the snowstorm caus-
ing the irreversible deformation.

Impact of seasonal natural climate factors on failure
rates in silver birch trees growing under anthropogenic
impact. The storm in 2017 tore up several trees, show-
ing divergence angles of 40°–45° to the vertical axis in
the first row at the side of a dwelling house. Allometric
parameter studies experimentally determined that the
L : D coefficient for such trees was ≤0.01.

In 2020, 63 trees were uprooted under the blizzard
and freezing rain conditions. Tree breakage was
recorded at heights of 2–4 m (35%), 5–6 m (17%), 7–
8 m (52%), and 9 m (6%). These trees generally have
rather thin trunks. Their L : D comprises 0.01. The
dependence of such trees on resistance to bending was
estimated with the L : D ratio relative to their condi-
tion, rated as normally growing (“norm” trees show-
ing vertical 90° ± 5° degree direction), deformed
(“deform”), or with trunk breakage (“crushed”)
caused by the impact of climate factors (blizzards and
freezing rains) (Fig. 5). The ratio of EI to L : D for all
Y PROBLEMS OF ECOLOGY  Vol. 15  No. 7  2022
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Fig. 5. Dependence of tree-trunk bending strength on the L : D ratio. (1) Strictly vertical direction of trunk growth, (2) deformed
and bent trunks, and (3) trunk splits.
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of the tree groups follows a power law and represents a
high coefficient of determination, denoted by R2 ~
0.89–0.99. With respect to the trees growing vertically,
the L : D ratio was in the range of 0.03–0.05.

Trees growing under the anthropogenic impact
have lower stability, which can be associated with
(1) the dendrometric parameters of the trunk (Fig. 6)
and (2) the level of biomass produced relative to tree
height and, consequently, load effects, such as the
wind force and the additional canopy mass saturated
by precipitation at the level of the upper third of the
tree height. Therefore, the trunk breakage of two types
was generally recorded. The breakage of first type is
located at a height of 2–4 m (35%), i.e., at the trunk
base, caused by heating of the trunk, which resulted in
heterogeneous structure formation inducing tension
in a mechanically loaded trunk at a height of 2–4 m.
The second type of breakage is located at a height of
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 15 
7–9 m (58% of total number of collapsed trees), i.e., at
the upper third of the tree height, which represents the
classical ecological strategy of tree survival under the
impact of critical static natural climate loads (wet
snow sticking and ice crusting).

The L : D coefficient as a morphometric marker for
mechanical stability of silver birch trees in the south of
the East European Plain (Donetsk Hill Range). The
relevance of research focused on the relationship
between the d and h(l) trunk morphometric parame-
ters and the tree mechanical resistance to wind and
gravity loads was noted by G.B. Kofman in his Tree
Growth and Form research paper (1986). He used the
h(l) : d ~ 102 ratio (i.e., the ratio of height : length of a
tree trunk to its diameter at the base) to reveal the
mechanically stable status of a tree. It was theoretically
ascertained that the trees are threatened by a loss of
elastic mechanical stability at h > 110r (h is height; r is
 No. 7  2022
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Table 5. Relationship between the tree status (failure rate)
with its mechanical stability and the L : D coefficient

Norm indicates a strictly vertical direction of trunk growth,
Deform indicates deformed and bent trunks, and Crushed indi-
cates trunk splits.

Tree status Trunk length-to-
diameter ratio, L : D

Bending stiffness, 
N/m–2

Norm 0.28–0.43 1.59 × 106–8.93 × 106

Deform 0.08–0.015 1.01 × 104–10.49 × 104

Crushed 0.05–0.017 1.01 × 104–8.19 × 105
radius at the base). However, the author used physico-
mechanical parameters (E is modulus of elasticity and
ρ is woody tissue density) for industrial (dry) conifer-
ous wood to develop the mathematical model describ-
ing the living tree stability, which should not be done
in to the opinions of other researchers (Burgert et al.,
2001). Thus, dry wood showing high rigidity and fra-
gility is substantially different from green living wood,
which is more elastic (relative to elastic modulus cor-
relating with water content (w)) and less brittle (Bur-
gert et al., 2001). In addition, the individual adaptation
of woody species to the environmental conditions of
growth is a significant factor for mechanical resistance
to the impact of natural climate factors (Thomas, 2011).
Therefore, it cannot be correct to use the estimates
performed with plants of the same species unrelated to
the environmental conditions of growth and the phys-
icomechanical properties of living plant wood. More-
over, it is ineffective to use them as both the universe
models for the mechanical behavior of a tree under
load impacts and the datasets to calculate the morpho-
metric coefficient of stability/failure rates (Niklas and
Spatz, 2012; Albrecht et al., 2016). Consequently, cur-
rent tasks include finding the relationships between
the status (failure) with mechanical stability and the
L : D coefficient for each woody plant species and
determining the extent of the variance for this relation-
ship relative to the environmental conditions of growth.

The survey revealed a strong positive correlation
between the morphometric L : D coefficient and the
mechanical stability (r = 0.87) and failure rates (r = 0.79)
for silver birch trees during statistical data processing
with the correlation analysis method (Table 5).

The L : D ratio for silver birch trees growing under
the impact of anthopogenic loads in Donetsk com-
prised, on average, 0.01 ± 0.003. At such values, irre-
versible deformations or breakage were observed. This
may be explained by the fact that disorders in physio-
logical–biochemical, cellular, molecular, and genetic
processes occur in a plant under the anthopogenic
impact (Polyakov, 2009; Alonso-Serra et al., 2020).
The outcomes of pollution represent changes in the
morphometric parameters for woody plant trunks and
crowns (Polyakov, 2009). It is considered that mor-
phometric parameters for woody plant trunks and
CONTEMPORAR
crowns contribute to variations in tree mechanical sta-
bility and failure rates (Sellier and Fourcaud, 2009).
Therefore, it seems possible to use the L : D coefficient
as a morphometric marker for the mechanical stability
of silver birch trees in the environments in the south of
the East European Plain (Donetsk Hill Ridge). In
addition, the relationship between the L : D variance
at 0.01 and the tree status tends to be evident for the
other plant species. This parameter may be universal.
However, it requires the further research.

CONCLUSIONS
The temperature effect on the the elasticity modulus

of wood tissues in a silver birch tree was revealed. This
parameter reliably decreases, on average, 2–2.5 times at
thawing temperatures.

MOE decreases unevenly, in stages. The rate of
elastic-modulus change (dMOE:dt) relative to the rate
of woody-plant specimen/trunk thawing (dT:dt) has
the greatest effect on the mechanical stability of a tree.

The mechanical stability parameters tend to fall by
45%, on average, at thawing temperatures.

These changes affect the angles of divergence
from the vertical axis of the trunk portions, the angles
of its skeletal branch attachment, bending strength,
and tree resistance to wind and gravity loads. Under
low anthropogenic impact, the logEI mechanical
stability value for plants at the age of 40–45 years is
22 ± 2% higher than that under a higher anthropo-
genic load in cities (p < 0.01). Under the effects of
anthropogenic and wind loads, temperatures, and
snow and ice storm conditions, the transformation of
architectonics of the silver birch crown occurs. These
changes cause irreversible deformations or trunk
breakage under blizzards and freezing rain. There-
fore, 168 woody plants underwent a process of irre-
versible deformation causing a high failure rate. In
addition, 63 trees were uprooted. Splits were recorded
in plants at heights of 2–4 m (35%), 5–6 m (17%),
7‒8 m (52%) and 9 m (6%).

Correlation analysis revealed a strong positive rela-
tionship between the L : D morphometric coefficient
and mechanical stability (R = 0.87), along with the the
failure rate (R = 0.79) in silver birch trees. In this
regard, it seems possible to use the L : D coefficient as
a morphometric marker for mechanical stability in sil-
ver birch trees in the south of the European Plain
(Donetsk Hill Ridge).
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